Introduction

!
Endoscopic placement of a single plastic stent (PS) to the main pancreatic duct (MPD) is a widely accepted treatment method for symptomatic strictures in patients with chronic pancreatitis [1, 2] . Although adequate stent placement in the dominant stricture will relieve pain in the majority of patients [3 -5] , stents cannot be definitively removed in approximately one-third of patients because of persistent or recurrent strictures [6 -9, 10] . In such refractory cases, placement of multiple PSs has been reported to be feasible and effective for obtaining enduring resolution of strictures and preventing pain [11] . With their large diameters, self-expandable metal stents (SEMS) have emerged as an option for the durable resolution of refractory MPD strictures, as with the biliary tract [12] . However, uncovered SEMS placement must be discouraged for benign conditions because of the high dysfunction rate and the inability to remove the SEMS because of tissue hyperplasia through the wire mesh [13] . Tissue hyperplasia should be prevented by fully covered SEMS (FCSEMS). However, FCSEMS have been thought to be associated with risks of pancreatitis and pancreatic sepsis caused by occlusion of side branches of the pancreatic duct and stent migration. Contrary to these concerns, several pilot studies have recently shown favorable results with temporary FCSEMS placement for benign refractory pancreatic duct strictures without severe complications [14 -19] . To date, temporary FCSEM placement is regarded as an alternative to multiple PSs for benign refractory pancreatic duct strictures due to chronic pancreatitis [20, 21] . However, there are few data regarding short-term results of FCSEM placement, and no data regarding long-term outcomes of FCSEM application. The aim of this prospective study was to investigate the feasibility, safety, efficacy, and long-term outcomes after temporary placement of an FCSEM for refractory benign MPD strictures due to chronic pancreatitis.
Patients and Methods
!
Study design
This study was designed as a prospective, singlearm, single-center, pilot study of feasibility. The study protocol was approved by the institutional review board of Tokyo University Hospital. The study was registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN000007549). The study was investigator-initiated and was conducted according to the ethical principles of the Declaration of Helsinki. Written informed consent was obtained from all patients.
Patients
We recruited consecutive patients with MPD strictures due to chronic pancreatitis refractory to conventional endoscopic treatment with a single PS. Annually, only a few patients were estimated to be acceptable for the study according to the criteria in our institute; therefore, 10 patients were scheduled to participate in this study. Inclusion criteria were as follows: (1) dominant stricture of the MPD in the pancreatic head or body; (2) recurrent pain or pancreatitis after PS removal caused by unresolved stricture or requirement for continuous PS placement for symptomatic unresolved stricture; (3) previous placement of a single PS with regular intervals of stent exchange for at least 3 months; and (4) age 20 years old or older. Exclusion criteria were as follows: (1) inaccessibility to the papilla with the duodenoscope; (2) poor general condition with severe comorbidities; (3) patient's refusal to participate in the study; (4) acute pancreatitis requiring hospitalization; or (5) unsuitable patient as judged by investigators. Brush cytology of the stricture was routinely performed prior to initial PS placement and malignancy was not detected in any case.
Interventions
All procedures of transpapillary FCSEMS deployment were performed with standard endoscopic retrograde cholangiopancreatography (ERCP). Patients were sedated with diazepam and pethidine hydrochloride while in the prone position. We used oblique-viewing therapeutic duodenoscopes (TJF260V or JF260V; Olympus Medical Systems, Tokyo, Japan). Pancreatography was performed after cannulation of the MPD, and the dominant stricture of the MPD was depicted. After traversing the stricture using a guidewire, an FCSEMS was inserted across the stricture, with the distal end of the FCSEMS placed in the duodenum. Pancreatic sphincterotomy was not performed. Balloon dilation of the stricture or papilla had been performed if needed at the time of stenting or stone extraction. FCSEMSs were Nit-S stents (Taewoong Medical, Seoul, Korea), including the D-type and the Bumpytype. The D-type stent, consisting of a nitinol wire and a polytetrafluoroethylene (PTFE) covering membrane, was designed for the optimal balance of radial force and conformability in the pancreatic duct. A previous study revealed the feasibility of the D-type stent, but migration was common [16] . The Bumpy-type stent had anti-migration features, with flared ends and an irregular cell size to obtain different segmental radial forces. The covering membrane materials were silicone at both ends to create an efficient flare, with PTFE at the middle portion to obtain high conformability [17] . FCSEMS were 6, 8, or 10 mm in diameter and 5, 6, 7, 8, 9, or 10 cm in length. We chose the diameter of the FCSEMS according to the diameter of the MPD upstream of the stricture. The length of the FCSEMS depended on the location of the stricture and the ductal configuration. We selected longer stents for the following reasons: prevention of proximal and distal migration by full expansion of both stent ends [22] ; and reduction of the risk of stent dysfunction or stent-induced ductal change due to MPD kinking [22] . The diameter of the FCSEMS introducer was 8.5 Fr. None of the FCSEMSs were approved by pharmaceutical affairs in Japan, so they were purchased directly from the company, and the cost was considered to be a research expense. The authors have no conflict of interest to declare.
Follow-up
Patients were followed-up every month after FCSEMS placement with abdominal X-ray and laboratory tests including pancreatic and liver enzymes, C-reactive protein, and complete blood cell counts. Three months after placement the FCSEMS were removed through an endoscope using snare forceps and pancreatography was performed immediately after removal. If there was no definite improvement in the stricture, then the FCSEMS was replaced with a new one for an additional 3 months. After removal of the FCSEMS, patients were examined for clinical and laboratory findings every month during the study period.
Definition of events and study outcomes
The primary outcome was symptom recurrence after removal of the FCSEMS. Recurrence of symptoms was defined as pain or pancreatitis. Secondary outcomes included technical success rate, total duration of FCSEMS placement, improvement rate of the stricture at the time of FCSEMS removal, recurrence-free survival after FCSEMS removal, early and late complications, and status of patients at the latest follow-up of the study period. Technical success was defined as accurate positioning of the stent so that it was covering the entire length of the stricture and crossed the papilla. Improvement of the stricture was defined as an increase in the diameter of the narrowest portion of the stricture, and an inflated extraction balloon could be passed through the pancreatic duct on follow-up pancreatography at the time of stent removal. The extraction balloon was the injection-above Extractor (Boston Scientific Corp, Natick, Mass), with balloon size 9 mm to 12 mm. The balloon was inflated to the diameter of the MPD upstream of the stricture. Early complications were defined as procedure-related or stent-related adverse events within 7 days after placement of the FCSEMS. Late complications were defined as stent-related adverse events, with an indwelling FCSEMS, after the eighth day of FCSEMS placement.
Statistical analysis
Descriptive continuous variables were presented as medians and interquartile ranges. Pre-stenting and post-stenting diameters of the narrowest portion of the stricture were compared by using the two-sample Wilcoxon signed rank test. The Kaplan-Meier method was used to estimate recurrence-free survival after stent removal. Statistical analysis was performed using JMP Pro version 11.2.0 (SAS, Cary, NC, USA). A P value < 0.05 was considered statistically significant.
Results
!
Patient characteristics
Ten patients (6 men and 4 women) with a median age of 50 years (IQR, 47 -58 years) with refractory pancreatic duct strictures due to chronic pancreatitis were enrolled from November 2008 to August 2011 (• " Table 1 ). The toxic or etiologic factors of their chronic pancreatitis were alcohol in nine patients, and trauma in one patient. Median duration from initial PS placement was 17 months (IQR, 6 -75 months). The median number of previous ERCP procedures was 8.5 (IQR, 5 -18). Seven patients had concomitant PSs in the bile duct for a biliary stricture secondary to chronic pancreatitis. Seven patients had calcified stones in the MPD and underwent ESWL, endoscopic removal, or both prior to FCSEMS placement.
Technical success of FCSEMS deployment and adverse events with indwelling FCSEMS
FCSEMS (D type in 2 patients, Bumpy type in 8 patients) were successfully deployed in all patients. FCSEMSs were 8 -10 mm in diameter and 5 -10 cm in length (• " Table 2 ). All FCSEMS were inserted via the major papilla, except in one case with insertion via the minor papilla. Early complications were intolerable abdominal pain in 3 patients and pancreatitis in 1 patient, resulting in early stent removal in two patients (Case 1 and Case 10) within 1 week (Case 1 for severe pain and Case 10 for pancreatitis). Two of 3 patients with pain recovered with the use of analgesics only within a few days. One patient with pain (Case 1) was discharged once because the pain was tolerable, but he was re-admitted due to worsening pain 1 week after FCSEMS placement, necessitating FCSEMS removal. In one patient with pancreatitis (Case 10), a CT scan showed that extrapancreatic inflammatory changes extended beyond the left inferior renal pole. These findings indicated severe acute pancreatitis according to Japanese criteria [23] , and C-reactive protein and white blood cell counts increased to 16.4 mg/dL and 17 200/μL, respectively 2 days after the procedure. Therefore, the FCSEMS was removed for the patient's safety, and the pancreatitis improved with conservative management. Late complications with an indwelling FCSEMS included asymptomatic distal migration and suppurative pancreatic ductitis. Asymptomatic distal migration occurred in two patients (Case 2 and Case 6). In the former case, with a D-type stent, the stent was found to have completely migrated from the pancreatic duct on the follow-up X-ray at day 18. He did not require re-insertion of a FCSEMS because of resolution of pain, and improvement of the MPD stricture was confirmed by ERCP 3 months after placement. In the latter case, with a Bumpy-type stent, partial distal migration was revealed during ERCP for scheduled stent removal 3 months after placement. During stent placement, the stricture extended from the ampulla to near the corner of the WirsungSantorini junction, so that an FCSEMS 5 cm in length was placed just before the corner. Consequently, the proximal end of the stent did not sufficiently expand, and this led to slight distal migration of the stent. Because of insufficient improvement in the stricture, we placed a new FCSEMS, 6 cm in length, across the corner of the Wirsung-Santorini junction for an additional 3 months. Subsequently, the proximal end of the stent expanded sufficiently so that the stricture was improved at ERCP after 3 months, with no stent migration. Suppurative pancreatic ductitis occurred in 2 patients (Case 3 and Case 4) because of FCSEMS occlusion with foods at day 84 and day 49, respectively. Symptoms and signs in these patients were high-grade fever, shivering, and abdominal pain. The diagnosis was made with laboratory tests including raised white blood cell count and C-reactive protein, and endoscopic imaging of food impaction within the FCSEMS (• " Fig. 1 ). In addition to the administration of antibiotics, removal of the FCSEMS and naso-pancreatic drainage tube placement were performed in Case 3 and cleaning of the lumen of the FCSEMS using an extraction balloon was performed in Case 4. Original article E1217 THIEME
Removal of FCSEMS and ERP findings immediately after removal
All FCSEMS were easily removed using snare forceps without any complications. Median duration of stenting was 81 days (IQR, 15 -130 days). ERP immediately after removal of FCSEMSs revealed definite improvements in the stricture in 8 patients (Cases 2 -9) (• " Fig. 2 ). Median diameter of the narrowest portion of the stricture significantly increased from 1.8 mm (IQR, 1.6 -2.4 mm) to 3.2 mm (IQR, 2.9 -3.7 mm) after FCSEMS placement (P = 0.002). Stent-induced ductal strictures were found in two patients (Case 4 and Case 6) related to the proximal intraductal tip of the FCSEMSs (• " Table 2 ). In Case 6, a stent-induced stricture was detected on ERCP at the time of removal of the second FCSEMS. Because patients were asymptomatic and the strictures were not so tight, no treatment was performed at that time.
Recurrence and other adverse events after FCSEMS removal
In 8 patients with 3 months placement of FCSEMS as per the schedule, recurrence of symptoms occurred in 5 patients (63 %) because of the following causes: relapse of the stricture in 2 (Case 3 and Case 7); stent-induced stricture in 1 (Case 4); impaction of MPD stones in 1 (Case 5); and development of a pseudocyst in 1 (Case 8) (• " Table 3 ). Case 3 was admitted with acute pancreatitis at 84 days after stent removal and treated with reinsertion of an FCSEMS. Case 7 developed mild pain recurrence the day after stent removal, and only required analgesics. Case 4 was admitted with severe pain at 215 days after stent removal. ERCP revealed worsening of the stent-induced stricture, though no relapse of the original stricture, and multiple PSs were placed for stricture resolution. Cases 5 and 8 were treated with endoscopic removal of stones, and endoscopic ultrasound-guided pseudocyst drainage (EUS-PCD), respectively. Median recurrence-free survival was eight months in these eight patients (• " Fig. 3 ).
Outcomes at the latest follow-up
The last follow-up date of this study was September 30, 2013. In eight patients with three months placement of FCSEMS as per the schedule, the median follow-up period was 35 months (IQR, 23 -42 months). At the latest follow-up of the study period, seven of eight patients (Cases 2, 3, 5, 6, 7, 8, and 9) were free from stenting or surgery (• " Fig. 4 ). In these 7 patients, only 2 patients had mild abdominal pain requiring daily analgesics (Case 3 and Case 7). The remaining patient (Case 4), who was treated with multiple PSs for stent-induced strictures, underwent periodic replacement of multiple PSs, even at 42 months after SEMS removal. Two patients with early stent removal had poor outcomes. In Case 1, recurrence occurred at 90 days after stent removal due to unresolved stricture, and multiple PS placements were performed. However, stent-free status could not be achieved after 57 months follow-up. In case 10, the FCSEMS was removed because of pancreatitis at two days after placement, and he underwent naso-pancreatic drainage tube placement for treatment of pancreatitis. After improvement of pancreatitis, multiple PS placements were performed to dilate the stricture, but pancreatitis occurred again. Finally, he underwent pancreatoduodenectomy to resolve the stricture.
Discussion
!
In the current study, recurrent pain occurred in 63 % of patients with 3 months of FCSEMS placement. This result seems to be worse than those of previous studies (• " Table 4 ). The reasons are considered to be as follows: the longer follow-up duration compared to that in other studies and the inclusion of causes other than relapse of strictures, such as pancreatic duct stones or pseudocysts. When these causes were excluded, only 3 of 8 patients (38 %) developed recurrence of symptoms due to pancreatic duct strictures alone. This result is not satisfactory, but not substantially worse than those of previous studies, considering the longer follow-up duration.
The technical success rate of single PS placement for a benign pancreatic duct stricture was reported to be up to 90 % [24] , and pain relief was achieved in 74 % -94 % of patients after successful stent placement [3 -6] . However, only 50 % -70 % of patients who respond to single PS placement can maintain this response after stent removal [6 -9, 10]. Costamagna et al. reported that temporary placement of multiple PSs for 6 to 12 months in refractory cases provided 89 % persistent pain resolution during long-term follow-up after stent removal (mean, 38 months) [11] . However, in patients with severe strictures, deployment of multiple PSs is sometimes difficult, and stents should be replaced every 3 months. Placement of FCSEMSs may provide some advantages over multiple PSs, such as easier procedures, longer stent patency, and smaller number of endoscopic procedures, which results in cost reduction. Therefore, we suggest that placement of an FCSEMS is suitable for the primary treatment of refractory pancreatic duct strictures due to chronic pancreatitis. For patients who are unfit for FCSEMS placement because of stent-related pain or pancreatitis, placement of multiple PSs should be considered. Optimal indwelling time of an FCSEMS for persistent resolution of a stricture is still not well known because information about the long-term outcomes of temporary FCSEMS placement is lacking. We conducted the present study in the middle of 2008. There were only 3 articles published regarding FCSEMS for pancreatic duct stricture secondary to chronic pancreatitis at that time [14 -16] . The reasons we selected 3 months placement were as follows: first, the period of stenting in these previous articles was less than 3 months; second, relatively good outcomes were achieved in these articles; and third, it was not known if FCSEMS placed for over 3 months could be removed safely. Even though the longer indwelling time of an FCSEMS may provide a better outcome, Giacino et al. reported that two stents placed for 6 and Fig. 1 Endoscopic image of food impaction into FCSEMS in patient with suppurative pancreatic ductitis.
9 months were embedded in the pancreatic duct due to breakage of the covering membranes of the FCSEMS with tissue hyperplasia of the pancreatic duct, resulting in difficulty removing the FCSEMS [18] . On the other hand, Tringali et al. reported that FCSEMS were easily removed in 15 patients with 6 months placement [19] . Although removability and power of stricture resolution may depend on the type of FCSEMS, 3 months placement of an FCSEMS may be safe for removal but insufficient for stricture resolution, while 6 months placement has a potential risk of being un-removable. Therefore, the optimal stenting duration is considered to be 5 to 6 months. Two patients required early removal of FCSEMS for intolerable pain or pancreatitis in the present study. Intolerable pain occurred in three patients, however, only one needed stent removal. Pain after FCSEMS placement was reported in 0 % [15 -17] to 30 % [14, 18] in previous studies. In previous studies, FCSEMS with 8 or 10 mm diameter were placed for cases with pain. We chose stents with the biggest diameter to match the MPD diame- ter upstream of the stricture in order to create a definite dilation of the stricture, and, consequently, only 8-mm or 10-mm stents were used in the present study. FCSEMS of 6 mm diameter might prevent post-procedure abdominal pain. Basically, pain will spontaneously improve without stent removal after FCSEMS expansion [18] . However, in the present study, the patient who required stent removal suffered from severe pain even after 1 week of placement. The diameter of the upstream pancreatic duct of the stricture before SEMS placement was 8 mm, and we correctly used the 8-mm diameter stent. This patient had depression and he took daily antidepressants, so the degree of his pain could have been influenced by his mental status. In previous studies, some patients have suffered from pancreatitis after FCSEMS placement [16, 17] , but there were no cases requiring stent removal unlike in the present study. In the patient with pancreatitis in our study, the pancreatic parenchyma was not so atrophic on the previous CT. This indicated preservation of pancreatic exocrine function, and this should be considered a risk for procedure-related pancreatitis. Therefore, we chose a slimmer SEMS than recommended, according to upstream MPD diameter, to avoid pancreatitis. Nevertheless, pancreatitis still occurred. We think those patients who are unfit for FCSEMS should be considered as suitable for multiple PS placement. In previous studies, migration did not occur with the VIABIL stent [15] or WallFlex stent, [18] but did occur in 39 % of patients with a Niti-S D-type stent [16] , and 0 to 47 % with a Niti-S Bumpy-type stent [17, 19] . We previously reported that the low radial force of the FCSEMS for malignant biliary obstruction was a risk factor for migration [25] . This principle may be applicable to the MPD. An FCSEMS with relatively high radial force (VIABIL stent and WallFlex stent) showed no migration, while the Niti-S series showed a high migration rate. The Bumpy-type stent was developed to prevent migration, and actually, migration did not occur in 32 patients in the first report [17] . However, 47 % of patients had complete migration in the second report [19] . This difference may be related to stent length: shorter stents (3 cm to 5 cm) were used in the second report compared to those used in the first report (4 cm to 8 cm). It is controversial whether the anti-mi- gration system of the Bumpy-type stent is useful. In the present study, distal migration occurred in two patients with a Niti-S stent (one in a D-type stent, and the other in a Bumpy-type stent) without symptoms. In the case with a D-type stent, the stent had completely migrated within 18 days in spite of being a wide and long FCSEMS (10 mm/10 cm, respectively). A diameter of 3.2 mm for the residual stricture before placement of FCSEMS was not so bad; it is exactly the same as the median diameter of the narrowest portion of the stricture obtained 3 months after placement of FCSEMS. Therefore, we cannot exclude that a satisfactory calibration obtained by previous plastic stenting could be at least partly involved in the early spontaneous migration of the FCSEMS, in addition to the stent property by itself. In the case with a Bumpy-type stent, we could avoid migration in future by using a longer stent. Full expansion of the proximal end of the FCSEMS is considered to be important in preventing distal migration. Stent-induced ductal strictures occurred in two patients in the present study. In one patient, symptoms occurred at 7 months after removal, and multiple PS placement was ongoing at the latest follow-up. Stent-induced strictures were reported in two previous studies [17, 19] . In these studies and the current study, all stent-induced strictures occurred with the Bumpy-type stent. The proximal, flared end of the Bumpy-type stent may cause structuring. Contrary to concerns, pancreatic ductitis has never been reported in previous studies in relation to FCSEMS in the MPD. However, suppurative pancreatic ductitis developed in 2 patients due to food impaction in the FCSEMS in the present study. There was no duodenal stenosis in these patients, so it was unclear why food impaction occurred only in these patients. To prevent food impaction, an anti-reflux metal stent, as used in biliary strictures, may be a useful option [26] . There are some limitations in the present study. First, this pilot study involved a small sample size with no comparison arm. Second, the type of FCSEMS used in this study was not unified. Third, only refractory cases were enrolled, and the efficacy of initial placement of the FCSEMS for pancreatic duct strictures was not evaluated. Fourth, there was no defined strategy after failed placement of the FCSEMS. Finally, there was no objective evaluation criteria for recurrent pain, such as the Izbicki scoring system [27] .
In conclusion, placement of an FCSEMS appears to be a feasible and potentially effective option for the management of refractory pancreatic duct strictures due to chronic pancreatitis during long-term follow-up. The optimal duration of stenting, and the adequate type and size of FCSEMS have not as yet been elucidated. Adverse events occurred in 70 % of patients in total, and stent-induced ductal changes, stent migration and ductitis remain as major issues to be solved. Further investigation is needed to resolve these problems. 
